ABSTRACT: Snakebites, being the major occupational hazard for farm workers, claim a large number of lives in the Indian subcontinent. During the course of medical management, identification of the biting species is given a low priority, resorting to prescription of polyvalent anti-snake venom. Whereas the World Health Organization (WHO) recommends monospecific anti-snake venom instead of polyvalent anti-snake venom. Thus, it is essential to identify the aggressor species either by a visual inspection or by the symptoms of the victim. Along with the four deadly venomous species (cobra, krait, Russell's viper, and saw-scaled viper), there are a number of other species of medical importance, whose venoms and bites have not been paid much attention. Thus, a misclassification resulting into erroneous treatment cannot be ruled out. This paper discusses the nature, constitution, and toxicity of venoms and their possible toxic effects on victims of snakebites. An attempt has also been made to categorize the distinctive symptoms due to the bites of the four major venomous species and their severity grading.
INTRODUCTION
Snakebite is an occupational hazard for farmers and farm laborers in the Indian subcontinent. Every year approximately 15,000 people reportedly die due to snake venom interaction in India alone (1) . However, unreported deaths are estimated to be many times greater than the reported cases in the subcontinent. Astonishingly, very little mention has been made in the medical curricula, which may be one of the contributing factors to the high number of fatalities (24, 33) . Statistics show that the majority of victims belong to the group of rural farmers in the productive age, so any loss of life in snakebite may severely affect the economy of the victim's family (30, 31) .
The Indian subcontinent, being tropical, harbors a variety of venomous and nonvenomous snakes (18) . The four major venomous biting species are cobra or Naja naja (Linné, 1758), krait or Bungarus caeruleus (Schneider, 1801), Russell's viper or Vipera russelli (Shaw, 1797), and saw-scaled viper or Echis carinatus (Schneider, 1801). The former two belong to the Elapidae and the latter two belong to the Viperidae family. Although the environment, habitat and human activities determine the number of incidences due to various species, Echis carinatus claims the majority of bites in most parts of the subcontinent (7) .
Often, during the course of medical management, identification of the species is not paid much attention and the current practice is to prescribe equine polyvalent antisnake venom serum (ASV) to be administered intravenously, which neutralizes all the four types of snake venom (3, 41) . However, the ideal treatment is with monospecific/monovalent antivenom, since this involves administration of a lower dose of antivenom protein compared to polyspecific/polyvalent antivenoms (2, 16) .
The current practice of polyvalent ASV application is also under scrutiny with the assorted methods of administration suggested (7, 5, 36) .
Another substantial issue in this regard is that a snakebite victim may exhibit certain signs and symptoms, even if the species does not belong to the four types mentioned above. This may lead to misclassification as well as improper treatment. Therefore, it is important to understand all the species whose bite, venom or secretion may be clinically significant. It is equally pertinent to know the toxic ingredients and specific symptoms likely to develop in the victim for the identification of the species in every case. 
SNAKE SPECIES OF MEDICAL IMPORTANCE
The snake species of interest can be classified into three main categories based on their venom delivery apparatus. Proteroglyphs form the most venomous group while the opistoglyphs are mildly toxic. Aglyphs are non-venomous, but they are also medically important since they are capable of causing injuries.
Proteroglyphs
Snakes with front fangs belong to this category. All the four venomous snakes previously mentioned, and three more venomous but euphemistic proteroglyph snakes are commonly encountered in the Indian subcontinent. a. Cobra: The subcontinent harbors many varieties of cobras but the primarily identified species are binocled or spectacled cobra, monocled cobra, black cobra, and albino cobra (44) . No marked variation in their venom has been observed by any research group, hence no separate descriptions of different varieties are provided here. b. Kraits: In the subcontinent, there is a variety of kraits which vary in size, color and toxicity, but the common krait is considered the most aggressive species.
It is reportedly responsible for the biggest number of snakebite deaths in Sri Lanka (19) . It has small fangs and therefore indistinct bite marks. d. Saw-Scaled Viper: It accounts for more than two-third of the venomous bites in the region (14) . This small snake camouflages in the background, therefore the victim often fails to sight it, particularly in the dark. It is aggressive and coils in the shape of "8" with a sound of a saw cutting wood by rubbing its scale.
e. Bamboo Pit Viper (Trimeresurus gramineus, Shaw, 1802): It is a greencolored, yellow-bellied snake, which often camouflages in the leaves and therefore causes frequent envenomation to the forest dwellers. As a part of the restructured pit viper phylogeny, some publications mention it as a lineage of Trimeresurus stejnegeri (11, 26, 43 However, no significant fatalities due to this species are reported in the subcontinent nowadays.
g. Common Sea Snake (Enhydrina Schistosa, Daudin, 1803): It is the most commonly encountered estuarine species. This snake is one of the most venomous and is found in the coastal aquaculture and river deltas. However, it is not aggressive towards human beings and its bites are very rare.
Opistoglyphs
The advanced snakes or the Colubridae (Opell, 1811) have large posterior teeth, which may or may not be grooved. Evolution of toxins in the advanced snakes (Colubridae) predated the evolution of advanced, front-fanged delivery mechanisms (13) . From a large spectrum of Colubridae of the subcontinent, the most frequently encountered species are discussed here. Russell's viper in shape, size and color, with a difference that it has one series of irregular dorsal patterns on the vertebra whereas the latter bears three chains. Its head is smaller; the neck is not distinguishable and the tail is conical. The tail helps in digging and the species remains hidden in the sand.
An accidental step on a member of the species may result in many bites and a consequent mechanical injury.
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TOXICITY AND CLINICAL FEATURES OF BITES
Snake venoms contain species-specific proteins with widely varying toxicological features as summarised bellow. Untreated Echis envenomation may involve multiple organs and the patient may suffer from hematuria, melena, renal failure, hemorrhage, anemia and (18, 39) . However, in the northern part of the subcontinent, because of the larger size of the endemic species, the average dose may be greater than the reported one.
e. Bamboo Pit Viper: It has a fatal dose of 100 mg but the maximum extractable venom dose is only about 14 mg (18) . The bites are never alarmingly toxic and no mortality has been reported. However, PLA 2 , 14kDa, is one of its main constituents, with a number of isoforms, and shows moderate anti-platelet activities, edema, mild anti-coagulating and myotoxicity resulting in local swelling, dizziness and morbidity (43).
f. King Cobra: Although king cobra envenomation cases are almost non-existent in the Indian subcontinent; its venom is functionally much similar to that of cobras, with limited variations like serine proteinase blood coagulation factor X activator (27) . A unique protein toxin (CM 55 -LD 50 28 mg/20 g in albino mice)
found in the venom has cardiotoxic and hemorrhagic characteristics, whereas the crude venom has a reported fatal dose of 12 mg (15, 18) . However, it may contain and deliver venom many times the fatal dose because of its large venom glands.
g. Common Sea Snake: Its venom possesses potent post-synaptic neurotoxic activity with a fatal dose of 0.6 mg for a 60-kg body (9, 18) . It is reported that nearly 80% of sea snake bites fail to produce significant envenomation, and bites may be inconspicuous, painless, and free of edema, but severe envenomation may cause neurological complications, oliguria, and hyperkalemic cardiac arrest (12) .
Opistoglyphs
The grooved teeth may deliver Duvernoy's secretions, which are homologous to the venom gland secretions in Elapids and Viperids but functionally much milder. Hence, symptomatic manifestations are possible but may not be fatal. The posterior fang marks may be absent in the bite, but erythema, purpura or edema may develop locally. PLA 2 is widely spread in Colubridae venom (13) . The venom may be mildly hemotoxic and thus the victim may feel dizziness for a couple of days with low-grade fever and local edema or erythema at the bite site. Sometimes, an accidental bite may look like an abrasion or a mechanical injury without significant symptoms.
Nevertheless, the bite is either non-venomous or trivially venomous. However, Colubridae venom remains unexplored to a great extent and there is a rich opportunity for research in this area (23) .
Aglyphs
These snakes do not have venom gland, fangs or any other venom delivery instrument, so they are non-venomous, but some of the frequent encounters may cause mechanical injury to human beings because of their maxillary teeth, and a tight grip by a python around the chest may lead to restricted respiration and asphyxia.
SUMMARY OF MANIFESTATIONS
To reduce the chances of a misdiagnosis and for a proper species classification, concise information is provided in (28) , which affects the cardiovascular system, the central nervous system and causes pulmonary edema along with severe local pain (49) . Thus, it is highly probable that a person stung by a scorpion may be taken as a case of Elapid (cobra or krait) snakebite and may be treated with anti-snake venom serum, leading to some unsolicited complications.
The simplest distinguishing features between the neurotoxicity of an Elapid envenomation and a scorpion envenomation are peripheral hypothermia, variations in serum blood glucose and pupil reaction to light (34) .
CONCLUSION
As per the recommendations of WHO, the most effective treatment for snakebite is the administration of monospecific ASV (45) . Hence, the identification of the aggressor species becomes the utmost requirement for medical management.
Attempts have been made to develop field ELISA kits and electronic immunosensors for identification of the species (38, 39) . Until the definitive methods become commercially available and viable, the attending medical staffs have to depend on their wisdom and capability to classify the species and assess the envenomation severity.
In this paper, an attempt was made to explain the toxicity of individual species and species-specific symptoms developed in the victims of snakebites, which may help in the proper identification of the aggressor and in grading the envenomation. However, due to a number of reasons, management of snakebite cases in the Indian subcontinent is a challenge and needs a networked and well-coordinated effort across the boundaries of the nations.
